Key indicators: single-crystal X-ray study; T = 100 K; mean (C-C) = 0.002 Å; R factor = 0.029; wR factor = 0.079; data-to-parameter ratio = 21.5.
In the binuclear centrosymmetric crystal structure of the title compound, [Cu 2 (C 7 H 14 N 5 ) 2 (C 9 H 21 P) 2 ], all atoms except those of the isopropyl groups are approximately co-planar. The Cu(II) atom is in a distorted trigonal-planar CuN 2 P coordination. Bond angles around the amino N atom suggest sp 2 hybridization. Several intramolecular C-HÁ Á ÁN interactions are present involving tetrazolate N atoms.
Related literature
For background to the coordination chemistry of anionic fivemembered nitrogen-containing heterocyclic ligands, see: Nief (2001) ; Rottger et al. (1994) ; Hitzbleck et al. (2004) ; Gust et al. (2001 Gust et al. ( , 2002 ; Dezelah et al. (2004) ; Sebe et al. (2005) ; Vela et al. (2006) . Complexes containing these ligands have a strong tendency to form oligomeric and polymeric structures, see: Haasnoot (2000) ; Zhang et al. (2006) ; Dinca et al. (2006) . 1 Coordination is the most commonly observed binding mode in monomeric complexes containing 1,2,4-triazolato and tetrazolato ligands, see: Hunyh et al. (2003) ; Jiang et al. (2004) . Theoretical predictions regarding the high stability of the pentazolate (N 5 À ) ion suggest that metal complexes containing this ligand might be stable enough to allow isolation, see: Frunzke et al. (2002) ; Lein et al. (2001) ; Burke et al. (2001) . For our work on the synthesis, structures and molecular orbital calculations of a series of Ba(alkyltetrazolate) 2 (18-crown-6), K(alkyltetrazolate)(18-crown-6), Ba(pentazolate) 2 (18-crown-6) and K(pentazolate)(18-crown-6) complexes, which exhibited highly distorted tetrazolato and pentazolato ligand bonding, see: Kobrsi et al. (2005 Kobrsi et al. ( , 2006 . For van der Waals radii, see: Allinger et al. (1968); Bondi (1964) .
Experimental
Crystal data [Cu 2 (C 7 Hydrogen-bond geometry (Å , ). Data collection: APEX2 (Bruker, 2005 ); cell refinement: SAINTPlus (Bruker, 2005) ; data reduction: SAINT-Plus; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: SHELXTL-Plus (Sheldrick, 2008) ; software used to prepare material for publication: SHELXTL-Plus (Sheldrick, 2008 
Comment
The coordination chemistry of anionic five-membered nitrogen heterocyclic ligands has generated considerable recent interest from several different perspectives (Nief 2001 , Rottger et al. 1994 , Hitzbleck et al. 2004 , Gust et al. 2001 , Dezelah et al. 2004 , Sebe et al. 2005 , Gust et al. 2002 , Vela et al. 2006 . Due to the presence of many nitrogen atoms in 1,2,4-triazolato and tetrazolato ligands, complexes containing these ligands have a strong tendency to form oligomeric and polymeric compounds through bridging ligand coordination modes (Haasnoot 2000 , Zhang et al. 2006 , Dinca et al. 2006 . Furthermore, η 1 -coordination is the most commonly observed binding mode in monomeric complexes containing 1,2,4-triazolato and tetrazolato ligands (Jiang et al. 2004 , Hunyh et al. 2003 . Theoretical predictions regarding the high stability of the pentazolate (N 5 -) ion suggest that metal complexes containing this ligand might be stable enough to allow isolation (Frunzke et al. 2002 , Lein et al. 2001 , Burke et al. 2001 ).
Since complexes containing N 5 -ligands may be at the edge of isolability due to facile loss of dinitrogen, it is important to develop a knowledge base that allows the synthesis of soluble, tractable 1,2,4-triazolato and tetrazolato complexes. Presumably, the basic coordination chemistry of pentazolato ligands will share similarities with that of tetrazolato ligands.
Several years ago, we reported the synthesis, structure, and molecular orbital calculations of a series of barium complexes of the formula Ba(alkyltetrazolate) 2 (18-crown-6), potassium complexes of formula K(alkyltetrazolate) (18-crown-6) , as well as calculations of Ba(pentazolate) 2 (18-crown-6) and K(pentazolate)(18-crown-6). These complexes contained highly distorted tetrazolato and pentazolato ligand bonding (Kobrsi et al. 2005 , Kobrsi et al. 2006 ).
The present work demonstrates the stabilization of copper tetrazolate complexes using a 2-electron donor phosphane ligand. The copper complex crystallizes as a dimer having all nuclei except the isopropyl groups' in the same plane. The phosphane ligands are terminal, while each tetrazolate ligand bridges two Cu(I) centers.
While the work aimed for a monomeric complex, it can be concluded that the combination of isopropyl groups in the phosphane ligand and the tetrazolate ligand does not provide the necessary steric repulsion. However, enough steric hindrance is provided for the tetrazolate to coordinate in an N2-N3 bridging mode as opposed to the normally observed N1-N2 bridging mode.
The C1-N5-C5 angle of 120.30 (13)° and the C2-N5-C5 angle of 118.89 (13)° suggest that the N-atom of the amino group is sp 2 -hybridized, having its electrons donated to the aromatic ring, thus providing stability to the electron-deficient heterocycle.
Several intramolecular CH-N interactions exist between the tetrazolate's N1 and N4, and the hydrogen atoms on C9, C10, C13, C16. The CH-N distances range from 2.64 to 2.77 Å, whereas the sum of the van der Waals radii for N and H is about 2.7-3.0 Å (Bondi 1964 , Allinger et al. 1968 , which supports weak, attractive CH-N interactions. These types of supplementary materials sup-2 interactions have been previously observed, where calculations have shown that these interactions provide stability to the heterocycle (Kobrsi et al. 2005 , Kobrsi et al. 2006 .
Experimental
A 100 ml Schlenk flask was charged with copper(I) chloride (0.300 g, 3.06 mmol), 40 ml of THF, and a stir bar under an inert atmosphere of argon. Triisopropylphosphane (0.491 g, 3.06 mmol) was added to the mixture while stirring. After 2 h, lithium 5-diisopropylamino-1,2,3,4-tetrazolate (0.536 g, 3.06 mmol) was added, and the reaction mixture was allowed to stir for 18 h at room temperature. The solvent was then removed under vacuum, the products extracted in 30 ml of hexane, and the resulting mixture filtered through a pad of celite. Single crystals were grown from a supersaturated solution at 0°C
in the form of white needles. Crystalline samples were mounted in sealed thin wall capillaries under nitrogen atmosphere for X-ray data collection.
Figures Fig. 1 . Reaction scheme for the preparation of the title compound. 
